ABSTRACT
Excessive salt can reduce soybean yield [Glycine max (L.) Merr.] in grower fi elds. Salttolerant cultivars are needed to prevent fi eld yield losses where excess salt is a problem. Soybean genotypes have primarily been evaluated for reaction to salt in the greenhouse using a labor-intensive and costly hydroponics method. A reliable, inexpensive method to screen soybean lines for salt tolerance would be useful in breeding programs. A simple, inexpensive method of exposing V2 to V3 plants growing in a sandy soil in plastic cone-tainers (PC method) was compared to the hydroponics method to evaluate soybean genotypes for salt tolerance in the greenhouse. Fourteen soybean genotypes including checks 'Hutcheson' (sensitive), and 'S-100' and 'Forrest' (tolerant) were exposed to 100 mM salt solution at the V2 to V3 growth stage. Genotypes responded similarly to the screening methods except leaf scorch, an indicator of salt damage, appeared up to 4 d sooner in the PC method. The PC method was highly correlated with the hydroponics method for leaf scorch score and chloride content in soybean leaves among the 14 genotypes evaluated. Exposure of roots at the V2 to V3 growth stage to salt solution using the PC method was less labor intensive, consumed less time, was less costly, and gave similar results compared with the hydroponics method. Thus, the PC method is an easy, reliable method to screen soybean genotypes for salt tolerance.
Three screening techniques have been reported in evaluating soybean genotypes for salt tolerance. Planting in fi elds with high salt content has been used for evaluation of genotypes for salt tolerance (Parker et al., 1983; Yang and Blanchar, 1993) . However, evaluation of salt stress under fi eld conditions is diffi cult because of variable salt levels across the fi eld. Other factors such as soil uniformity and fertility, temperature, light intensity, and transpiration rates are all variables associated with salt injury that are impossible to control under fi eld screening methods (Pathan et al., 2007) .
The most commonly used screening method to evaluate soybean genotypes for salt tolerance has been hydroponics, which is considered the best method currently available (Pantalone et al., 1997; An et al., 2001; Lee et al., 2004) . In the hydroponics method, seedlings of diff erent genotypes are grown in a nutrient solution and NaCl is added to the solution when plants are at the V2 to V4 growth stage. After symptoms of leaf scorch showing salt injury are clearly visible, genotypes are rated for tolerance. Genotypes that are salt sensitive are termed chloride includers. Genotypes that are tolerant limit chloride ion uptake and are termed chloride excluders (Able and MacKenzie, 1964; Shannon and Carter, 2003) . With the hydroponics method, all nutrients in the solution are controlled and the plants are under greenhouse conditions, which can help control light exposure, temperature, and other factors that infl uence plant injury. However, the nutrient solution used in hydroponics is often changed several times before scoring genotypes for tolerance, which is expensive and labor intensive.
Use of DNA markers is an effi cient, reliable method to determine if genes contributing to salt tolerance are present in breeding lines. Previously, 20% of the southern soybean cultivars were shown to have salt tolerance derived from 'S-100' (Shannon and Carter, 2003) . The simple sequence repeat (SSR) DNA marker determined by Lee et al. (2004) from S-100 can be used to determine salt tolerance tracing to this genotype. The SSR marker Sat_091 on linkage group N, accounted for 41, 60, and 79% of the total genetic variation for salt tolerance in the fi eld, greenhouse, and combined environments, respectively. The presence of alleles from S-100 at the Sat_091 and Satt237 marker loci was always associated with salt tolerance in descendants. However, labs for marker-assisted selection for many breeding programs are unavailable or too costly to use. Also, salt tolerance can trace to other sources in which tolerance genes have not been genetically mapped and marker-assisted breeding would not be eff ective.
An easy, inexpensive, reliable, and manageable technique is needed for soybean breeders to screen lines for salt tolerance. The objective of this study was to compare a simple greenhouse screening method with the more labor-intensive, costly, hydroponics method for evaluating genotypes for salt tolerance.
MATERIALS AND METHODS
Experiments were conducted to evaluate a sandy soil in plastic cone-tainers method (PC method) compared to the traditional hydroponics method for screening soybean genotypes for salt tolerance. This research was performed for each screening method at the same time in the greenhouse at the University of Missouri-Delta Center, Portageville, MO, during winter 2006-2007. Fourteen genotypes were screened for tolerance within each screening method in two replications two diff erent times. Maximum temperatures were recorded daily for the duration of two experiments for each test (Fig. 1) . At the V2 to V3 growth stage (Fehr et al., 1971) , soybeans were exposed to 0 and 100 mM salt (NaCl) rates. Electrical conductivity (EC) readings were taken daily with a Fisher Scientifi c AR 50 dualchannel pH/ion/conductivity meter (Fisher Scientifi c, Pittsburg, PA) to measure any changes in salt concentration.
Hydroponics Method
Soybean genotypes were planted in 21-cm-tall Ray Leach cone-tainers (Stuewe & Sons, Inc., Corvallis, OR) fi lled with vermiculite ( Fig. 2A) with an approximate volume of 194 cm 3 . Five plants of each of the 14 genotypes were planted in conetainers (one plant per cone-tainer) and placed in plastic racks (Stuewe & Sons, Inc.) that each held 98 cone-tainers ( Fig. 2A) . Thus, if fi ve cone-tainers per genotype are used for screening, 19 genotypes were placed in a cone-tainer rack for evaluation. When unifoliate leaves were fully developed, the racks were placed in 39-L Sterilite containers (Sterilite, Towsend, MA) (Fig. 2C) . The Sterilite containers were fi lled with 20 L of American Hydroponics GroMagnon #18 solution (American Hydroponics, Arcata, CA) in tap water, which has an EC of the working solution of 1.0 to 1.5 mS cm -1 . A plastic tube from an aquarium air pump was placed in the solution for aeration. the hydroponics system (Pantalone et al., 1997; Bonilla et al., 2004; Lee et al., 2004) .
Plastic Cone-tainer Method
In the PC method, a sandy soil was used as a growth medium instead of a nutrient solution. Each cone-tainer held approximately 248 g of a sandy soil. The sandy soil used in this experiment could escape through drainage holes of cone-tainers. To prevent soil leaking from cone-tainer holes, a portion (approximately 8 cm by 8 cm) of paper towel was placed at the bottom of each cone-tainer ( Fig. 2A) -1 Cu, and 0.6 mg kg -1 Zn. Soybean genotypes were planted in Ray Leach cone-tainers fi lled with sandy soil with cone-tainers placed into racks as used in the hydroponics method. Five plants of each of the 14 genotypes were planted in cone-tainers (one plant per cone-tainer) and were placed in plastic cone-tainer racks. Table salt (991  g kg -1 NaCl; Morton International, Inc., Chicago, IL) instead of expensive commercial NaCl as used in the hydroponics method was used as a salt source.
Plastic racks of cone-tainers were placed in 39-L Sterilite containers ( Fig. 2C ) with tap water to keep plants moist. Salt water was added at the V2 to V3 growth stage and brought to a depth of one-third (7 cm) of cone height (21 cm) during treatment. Electrical conductivity was monitored daily and little variation was noticed. The range of EC for each rate of salt was 0.5 to 0.6 mS cm -1 for the 0 mM rate and 11.1 to 11.6 mS cm -1 for the 100 mM rate.
Determination of Leaf Scorch
Salt injury was determined for 14 genotypes in two replications in each screening method by a leaf scorch score. Leaf scorch ratings were made when plants of the sensitive check 'Hutcheson' (Buss et al., 1988) showed severe salt injury or generally reached a leaf scorch of 4 according to Pantalone et al. (1997) . Leaf scorch was scored from 1 to 5, where 1 = no apparent chlorosis; 2 = slight (25% of the leaves showed chlorosis); 3 = moderate (50% of the leaves showed chlorosis and some necrosis); 4 = severe chlorosis (75% of the leaves showed chlorosis and severe necrosis); and 5 = dead (leaves showed severe necrosis and were withered). Average leaf scorch score for each genotype was calculated by following formula: Days to initial symptoms of leaf scorch was recorded from initial salt treatment until an average leaf scorch reached a rating of 3 on plants of the sensitive check Hutcheson. ; Fluka Chemical Company, Steinheim, Germany) was used as salt source and added to the solution at the V2 to V3 growth stage. During the tests, EC was recorded daily for each replication of each of the two salt rates (0 mM [or control] and 100 mM). The range in EC for each rate of salt was 1.0-1.5 mS cm -1 for the 0 mM and 13.1-13.4 mS cm -1 for the 100 mM rate, respectively. This variation of EC over the course of the experiment for each salt rate was low within each replication, so salt concentrations were similar for each replication. The solution was changed twice per week during the duration of the test to compensate for loss of solution due to evaporation and soybean consumption. Changing and adding the solution is a common procedure in 
Measurement of Leaf Chloride Content
Chloride content in the soybean leaves for 14 genotypes in each screening method was measured. Soybean leaves were removed from the plant when the salt-sensitive genotype Hutcheson showed severe salt injury or a leaf scorch rating of 4. Single trifoliolate leaves, excluding the petiole, were taken from each of fi ve plants within each replication and were dried in a Thelco Model 18 oven (Cole-Parmer Instrument Co., Vernon Hills, IL) at 62°C for 24 h. Dried leaves were ground using a Thomas Model ED-5 laboratory Wiley mill (Thomas Scientifi c, Swedesboro, NJ) and 0.15 g of sample was used to analyze leaf chloride content.
Chloride content in the soybean leaves for 14 genotypes in each screening method was measured using methodology modifi ed from Brown and Jackson (1955) . In this method, chloride was extracted from 0.15 g of dried and ground leaf sample with 30 mL of distilled H 2 O. The leaf H 2 O suspension was agitated on an orbital shaker (Eberbach Corporation, Ann Arbor, MI) at 60 cycles min -1 for 1 h. A clear solution was then produced by passing the suspension through Ahlstrom 642 fi lter paper (Ahlstrom Co., Helsinki, Finland). The resulting liquid was analyzed for chloride content using a chloride ion selective electrode (ISE). In ISE determinations, unknown samples are compared to solutions of known chloride concentrations.
Standards for calibration of 25, 50, 100, and 500 mg kg . A standard curve was established using an ion-specifi c electrode attached to a Fisher Scientifi c AR 50 dual-channel pH/ion/ conductivity meter.
The chloride in solution extracted from leaf samples was determined using an established standard curve. The leaf chloride in the solution was converted to chloride concentration by multiplying the mg kg -1 chloride in solution by volume of distilled water and dividing by weight of the plant sample.
Comparison of Plastic Cone-tainer and Hydroponic Methods
To determine the reliability of PC method compared to the hydroponics method, 14 soybean genotypes were screened for salt response using each method. Eleven genotypes with unknown reaction for salt tolerance included nine genotypes with altered fatty acid profi les (Oliva et al., 2006) , 'Hartwig' (Anand, 1992) , and 'PI506820'. Three checks were included with known salt reaction (Lee et al., 2004) . Tolerant checks included 'S-100' and 'Forrest', and the sensitive check was Hutcheson.
Soybean seedlings at the V2 to V3 growth stage of each genotype within each method were exposed to a 0 and a 100 mM salt solution. The experimental design was a split-split plot with two replications and fi ve plants per genotype in each replication. Methods (hydroponics and PC method) were the main plot, salt rates (0, control, and 100 mM salt rate) were subplots, and the 14 genotypes were sub-subplots. To test the reliability and consistency of results over time, a second experiment or test was conducted. The PC and hydroponic methods were compared for days to appearance of initial symptoms, leaf scorch score, and leaf chloride content.
Data Analysis
Analyses of variance were conducted for all collected data. The data were analyzed as a split-split plot design to compare two testing methods using the PROC GLM of SAS statistical software package (version 9.1) (SAS Institute, 2004) . The Pearson's coeffi cients of correlations comparing the two methods for leaf scorch score and leaf chloride content were computed by the CORR procedure of the SAS statistical software package (version 9.1) (SAS Institute, 2004) . Also, PROC TTEST of SAS was used to determine significant diff erences between salt tolerance and sensitive genotype for leaf scorch score and chloride content in soybean leaves.
RESULTS AND DISCUSSION
Days to initial symptoms occurred in sensitive soybean Hutcheson was compared between two separate tests and between the hydroponics and PC methods (data not shown). There was a signifi cant diff erence in days when recognizable symptoms appeared between the two separate tests (P < 0.03). Symptoms appeared 2 d sooner after initial salt treatment in the second test (8 d) than in the fi rst test (10 d). Higher temperatures likely accounted for a higher uptake of chloride and in a shorter period of time for the second test compared with fi rst test in which temperatures during the experiment were noticeably cooler (Fig. 1 ). Plants exposed to higher temperatures transpire more and take in more water, which causes greater salt accumulation in soybean plants. Several studies have shown that soybean plants under salt stress are aff ected by conditions such as temperature, seedling stage, and salt rate (Yang and Blanchar, 1993; Pantalone et al., 1997; Li et al., 2000; Essa, 2002; Pathan et al., 2007) .
Appearance of initial leaf scorch symptoms was signifi cantly diff erent between the salt screening methods (P < 0.01). A leaf scorch score of 3 was reached 4 d sooner in the PC method than the in hydroponics method (data not shown). This indicates that evaluation of genotypes with the PC method would require fewer days to complete screening than the hydroponics method. The test × method interaction (P < 0.29) for days to initial symptoms was not signifi cant (data not shown), which shows that days to initial symptoms was consistent in both methods in the two separate tests. Fourteen soybean genotypes were evaluated for leaf chloride and leaf scorch score to determine the accuracy of the PC method with the hydroponics method for salt screening. The ANOVA for leaf chloride content shows that the main eff ects, tests over time and methods, and the interaction test time × variety were not signifi cant for leaf chloride content (Table 1) . This shows that responses were similar for leaf chloride content over the 14 genotypes across tests and screening methods. However, interaction of genotypes × methods and three-way interactions of genotype, methods, and tests were signifi cant for leaf chloride. This indicates that leaf chloride content of genotypes responded diff erently for diff erent salt screening methods as well as in diff erent methods in diff erent experiments.
Leaf scorch score over the 14 genotypes did not diff er for methods (Table 2) . Thus, over the 14 genotypes leaf scorch scores were comparable for both methods in diff erent experiments. Leaf scorch ratings show that the checks S-100 and Forrest are salt tolerant and Hutcheson is salt sensitive, which is in agreement with Lee et al. (2004) . The 11 other genotypes were determined to be sensitive or tolerant based on the leaf scorch score in comparison with the tolerant and sensitive checks (Table  2) . Only 3 of 11 genotypes, S01-9370, Hartwig, and PI506820, were salt tolerant. Ratings for genotypes in both the hydroponics and PC method were similar.
Leaf chloride content for each of the 14 genotypes in each of the two diff erent screening methods is shown in Table  3 . There was no signifi cant diff erence in leaf chloride content in the control among the 14 genotypes within each screening method. However, leaf chloride of the control was higher in all genotypes in the PC method than in the hydroponics method. This result might be caused by greater chloride content in the sandy soil (18.0 g kg -1
) vs. the vermiculite or tap water used in the PC and hydroponics methods, respectively. Sensitive genotypes accumulated signifi cantly more chloride than tolerant genotypes in both methods (Table 3) . High chloride accumulation in sensitive compared with tolerant lines was consistent with a previous study (Yang and Blanchar, 1993) . Salt-tolerant genotypes had signifi cantly lower leaf scorch scores and lower leaf chloride contents than sensitive genotypes (Tables  2 and 3 ). Average leaf chloride contents over all genotypes for the 100 mM salt rate were not signifi cantly diff erent (P < 0.06) between the PC (4.04 g kg -1
) and hydroponics screening methods (4.79 g kg -1 ) ( Table 3) . Correlation coeffi cients were estimated to compare the PC method with the hydroponics method for leaf scorch scores and leaf chloride contents. The PC method was highly correlated with the hydroponics method for leaf scorch score (r = 0.96, P < 0.0001). This suggests that leaf scorch scores of the 14 genotypes were very comparable between the two methods. Also, both methods were highly correlated for leaf chloride content (r = 0.93, P < 0.0001). Similar responses of the 14 genotypes for leaf scorch and leaf chloride content shows that both screening methods were very comparable. Thus, the cheaper and less labor-intensive PC method described herein is easier to use and could be readily adopted by soybean breeding programs and other interested researchers to evaluate soybean genotypes for salt tolerance. Mean ± SD 2.9 ± 1.4 3.0 ± 1.2 2.9 ± 1.3 3.0 ± 1.5 2.8 ± 1.1 2.9 ± 1.3
LSD ( 
Caveats Using the Plastic Cone-tainer Method
We have been conducting various tests over the last 4 yr to fi nd a substitute for the hydroponics method to screen soybean genotypes for salt tolerance (Smothers, 2007) . Several factors have been observed which have had a signifi cant infl uence in obtaining consistent results using the PC method. These factors were also important in getting reliable results in the hydroponics method. One important factor is temperature control in conducting screening trials. Greenhouse temperatures in the second test approached 50°C for short periods for several days (Fig. 1) but did not aff ect results.
Observations from other screening trials previously conducted have shown that temperatures >35°C for extended periods can cause plants and the salt solution to become too warm. High temperature is associated with high vapor pressure defi cit and rapid transpiration in soybean (Raper and Kramer, 1987) and is detrimental to both root and shoot growth, resulting in plant death and erroneous conclusions from the screening trials. Also, temperatures <20°C can delay the appearance of salt symptoms and extend screening cycles.
Greenhouse daytime temperatures at 25 to 30°C appear to be optimum for screening genotypes for salt tolerance using the PC method. Greenhouse areas where temperatures cannot be adequately controlled should be avoided in conducting screening trials. It was not uncommon for a plant or two of tolerant checks such as S-100 or other lines being screened to die in the PC screening system. This can lead to wrongly labeling a line as sensitive or segregating for salt tolerance. Death could be caused by seedling disease induced by the relatively saturated soil. However, plants usually do not become overly saturated because only the lower third of each cone is immersed in the salt solution. Interaction of disease with salt stress and poor root growth may also account for unexplained death of a few plants during a screening trial. Using sterilized soil could be benefi cial in preventing death due to seedling disease. If plant death is suspected of being caused from conditions other than salt injury, we suggest eliminating suspect plants from the fi nal data set and/or rescreening aff ected genotypes in another test.
In other studies to prevent salt accumulation and to keep salt concentration consistent during the salt treatment, pots were periodically fl ushed with water (Umezawa et al., 2000; An et al., 2001; Lee et al., 2004) . In our study, we did not use water to periodically fl ush cone-tainers to reduce salt accumulation. During the PC method when the level of the solution in the tanks became low, saltwater at the same initial concentration (100 mM) was added. We monitored EC of saltwater each day and the concentration only increased slightly (11.1-11.6 mS cm -1 for a 100 mM salt rate). This slight change did not aff ect results. The period from the time genotypes are exposed to salt until leaf scorch scores were taken is about 14 d. If the screening cycle is extended several days beyond 14 d and temperatures are elevated then salt accumulation could be aff ected, which could infl uence fi nal screening results. Salt solution concentrations of 50 to 100 mM were eff ective in screening for salt tolerance. However, the lower concentration may lengthen the time from salt exposure until leaf scorch is signifi cantly expressed to evaluate genotypes.
CONCLUSIONS
Determination of salt tolerance among breeding lines is needed to develop soybean cultivars with improved performance under saline conditions. A hydroponics method conducted in the greenhouse is labor intensive and costly for soybean breeders to screen for salt reaction. We developed a simple screening method (PC method) to evaluate genotypes for salt tolerance in which leaf scorch scores and leaf chloride contents were highly correlated with the hydroponics method. The PC method was as eff ective as the hydroponics method in determining salt-tolerant and salt-sensitive genotypes.
To evaluate more soybean genotypes at once, we built wooden tables or benches layered with plastic on the bottom and sides to hold salt solution up to a 15-cm depth (Fig.  2D) . The inside diameter of the table measured 2.44 m long by 0.61 m wide by 0.15 m high. Each table was doublelined with 0.18-mm plastic sheathing. Seven plastic racks can be placed in each wooden table (Fig. 2D) in this system. A tube connected to an electric pump attached to a tank with the 100 mM Morton salt solution or water (control) was placed in each table. Either water (control) or a 100 mM salt solution was pumped as needed in the tables.
In the PC system all materials are easy to obtain. The screening system takes up little space, allowing the evaluation of multiple lines. The PC method involves (i) using plastic cone-tainers fi lled with a sandy soil placed in conetainer racks (Fig. 2A) ; (ii) planting soybean genotypes into several cone-tainers and allowing them to grow (Fig. 2B) ; (iii) at V2 to V3 growth stage, cone-tainers with seedlings placed in racks are placed in tubs or benches with 50 to 100 mM salt solution with the bottom third of the cone-tainers immersed in a salt solution ( Fig. 2C and 2D) ; (iv) genotypes are rated for tolerance when the sensitive check shows severe leaf scorch or a 4 rating as described by Pantalone et al. (1997) . Salt damage can clearly be seen on sensitive lines ( Fig. 2E and 2F ), readily separating salt-tolerant and saltsensitive genotypes. Leaf scorch symptoms usually appear within 10 d and readings can be made within about 2 wk after initial salt treatment. Usually the screening cycle from planting until scoring for salt tolerance is approximately fi ve weeks. Maintaining temperatures between 25 and 30°C is important in acquiring consistent results.
